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Abstract 
In order to understand thermal characteristics of high altitude airships, the numerical simulation of convective-radiative coupled 
heat transfer performance at a certain time in a day is carried out using Ansys Fluent software. The governing equations of flow 
are using the compressible Reynolds averaged N-S equations and standard κ-ε turbulence model. A non-uniform temperature 
distribution boundary condition in the complex thermal environment and heat transfer mechanism is applied on the surface of 
high altitude airships based on user definition function (UDF) programming. The paper then simulates the external convection 
heat transfer characteristics at various flow conditions at 40 degrees north latitude at the altitude about 20km at noon in the 
summer solstice. Finally, the corresponding calculation results of the surface temperature distribution, the flow field distribution 
and the convective heat flux distribution of airship envelope are presented, which are also analyzed in this paper. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM). 
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1. Introduction 
With the progress of modern science and technology as well as a variety of needs, unique resource superiority in 
Near Space (20~100 km above sea level) has become an attentive focus in recent years, where the stratosphere 
(20~50 km above sea level) is a key space field making use of the exploitation and utilization of high technology in 
the 21st century and has an important application foreground [1]. Stratospheric airship is a new system as the most 
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important aircraft system at the bottom of near space. Currently, the United States, Europe, Japan and other countries 
are stepping up the relative work of research and development, which making the research of the stratospheric 
airship enter a rapid development period [2-10]. As stratospheric airship having some merits of fixed-point flight, 
reusable, long-endurance, large load-capacity and strong maneuvering performance etc., it is very suitable as a new 
information platform [11]. 
The stratosphere is characterized by a smaller atmospheric density, a lower temperature, and a lower pressure. 
high altitude airships (HAA) would experience complex thermal environment during its flight, including thermal 
radiation sources (the solar radiation, the Earth albedo, the infrared radiation from the Earth surface etc.), forced 
convection heat transfer with surrounding atmosphere, natural convection heat transfer with surrounding atmosphere 
and inner lifting gas, the airship surface radiation etc. Intense radiant heat sources and weak convective heat transfers 
would bring "superhot" or "supercool" to HAA. This phenomenon would make a change of inner gas volume, which 
could affect the buoyancy change of HAA and cause complex thermal stress state to hull, so that the reliability of 
airship structure would be under severe threat. Thus, there is a very important issue to master the heat balance 
between airship envelope and inner gas in HAA design in order to ensure the reliability, stability and controllability 
of HAA long-endurance, which would directly affect structural design, flight trajectory prediction and flight control 
of HAA. Therefore, thermal design and thermal control are crucial techniques of HAA which need to be developed 
immediately [12-14].  
2. Governing equations and turbulence model 
Three-dimensional steady compressible turbulent mass weighted mean equations are: 
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where the total enthalpy expression is as follows,  
 
 L+ K X                                                                                      (5) 
For eddy viscosity model, according to the Boussinesq assumption, Reynolds stress tensor L MX XU cc cc  can be 
written as,  
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In the above equations, U and S are time-averaged density and time-averaged pressure separately; LX ,7 ,K and + are mass-weighted mean velocity, temperature, enthalpy and total enthalpy separately; WP is turbulent eddy 
viscosity coefficient and 7V is turbulent energy Prandtl number, which are determined by turbulence model; k is 
turbulent kinetic energy and its expression is as follows, 

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The above compressible RANS equations are mass-weighted mean N-S equations, which is closed by use of 
Standard N H  turbulence model. The physical model is a three-dimensional ellipsoid one, which has total length 
of 150 m and the maximum diameter of 37.5 m. 
In the numerical calculation, the discretization of governing equations are solved by the finite volume method on 
implicit pressure-based solver, using Second Order Upwind to the convection term, central difference scheme to the 
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diffusion term, SIMPLE algorithm to pressure-velocity coupling, and Gauss-Seidel iterative method to the 
discretization of algebraic equations. 
3. Boundary conditions 
According to HAA external flow field characteristics, the boundary of upstream calculation region of the airship 
chooses velocity inlet, while the boundary of downstream chooses pressure outlet. The wall boundary is no-slip and 
adiabatic. In addition, a non-uniform temperature boundary condition in a complex environment (the solar radiation, 
the Earth albedo, the infrared radiation from the Earth surface etc.) and heat transfer mechanism (forced convection 
heat transfer with surrounding atmosphere, natural convection heat transfer with surrounding atmosphere and inner 
lifting gas, the airship surface radiation) is applied on the envelope surface of HAA based on user definition function 
(UDF). The thermal model of airship envelope is derived from the first law of thermodynamics, 

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where, VXPT is total heat flux of the envelope, HQ L$ is area of the envelope computing unit, HQ L0 is mass of the 
envelope computing unit, S HQ& is specific heat at constant pressure of the envelope. T is the absorbed heat flux 
from direct solar radiation, T  is the absorbed heat flux from diffuse solar radiation, T is the absorbed heat flux 
from reflected solar radiation by the earth, T is the absorbed heat flux from earth infrared radiation, T is the 
radiative heat flux from envelope, T is the convective heat flux from external surface of envelope and T is the 
convective heat flux from inner surface of envelope. The specific calculation formula of  T T can refer to 
Ref.12-19. Among them, the helium temperature KH7  inside the airship in T is dynamic with iterative calculation, 
which can be deduced from the first law of thermodynamics, 
 KH KH  KHL S HQ LG70 & T $GW  ¦                                                                     (10) 
where,  T¦   is total inner national convection heat flux including all of the calculation cell of envelope.    
4. Results and analysis 
With a huge gas volume of several hundred thousand cubic meters, the flow field and convection heat transfer 
characteristics of HAA are different due to temperature difference between the envelope and the surrounding 
atmosphere and various free-stream velocity. 
4.1. External natural convection characteristic analysis 
 
               XOZ cross section                           YOZ cross section                               upper                                                    lower 
Fig. 1. External flow filed distribution at noon in the summer solstice. 
From Fig.1, it can be seen that the air flows in the Z direction with the maximum flow velocity 4 m/s due to the 
temperature on the top of the airship is nearly 50 K higher than the surrounding atmosphere temperature, while there 
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are weak flow in the X and Y directions due to the small temperature difference between the envelope and the 
surrounding atmosphere. In addition, it can be seen that temperature difference between the envelope and the 
surrounding atmosphere is maximum on the top of the airship. 
4.2. External forced convection characteristic analysis 
  
(a)  V=10 m/s                                                                                                    (b)  V=20 m/s 
 
  
(c)  V=30 m/s 
Fig. 2.Envelope temperature distribution at noon in the summer solstice at various flow velocity. 
Fig. 2 shows the temperature distribution of ellipsoidal airship envelope at noon in the summer solstice at various 
flow velocity, which can be seen that the maximum temperature of airship envelope decreases with increasing wind 
speed due to the continually strengthening convection heat transfer. 
  
 (a)  V=10 m/s                                                                                                        (b)  V=20 m/s 
  
 (c)  V=30 m/s 
Fig. 3. the envelope forced convective heat flux on at noon in the summer solstice at various flow velocity 
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Fig. 3 shows the external forced convective heat flux of ellipsoidal airship envelope at noon in the summer 
solstice at various flow velocity, which can be seen that the position of maximum heat flux is not on the top of the 
airship, but in the upwind location of airship in the case of flow velocity, which increases as increasing wind speed. 
5. Conclusion 
The main results are summarized as follows: 
x Temperature distribution: the maximum temperature of ellipsoidal airship envelope at noon in the summer 
solstice decreases with increasing wind speed due to the continually strengthening convection heat transfer.  
x Flow-filed distribution: at the case of external natural convection, there are air flows in the menus gravity 
direction on the top of the airship due to the influence of envelope temperature, while there is weak flow in other 
directions at the case of external natural convection. 
x The maximum External convection heat flux: the position of maximum external national convective heat flux is 
on the top of the airship at VĞ=0 m/s, which the position of maximum external forced convective heat flux is in 
the upwind location of airship in various flow velocity which increases as increasing wind speed. 
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